the filter used was AF488/FITC/GFP (Zeiss Filter set 9) excitation 450-490; dichroic mirror 510; 1 4 3 emission filter LP515. Then, we isolated the idioblasts from other leaf tissues by macerating 1 4 4 1mm 2 leaf pieces in a solution containing acetic acid: hydrogen peroxide 1:1 (v/v) at 60º for 2 1 4 5 days. The debris of these samples was then mounted in distilled water or glycerol, and visualized 1 4 6 with a Zeiss LSM700 Confocal Microscope. Rendering images were obtained without staining 1 4 7 with the Objective: 63x/1.40 Oil DIC M27 Plan-Apochromat. Samples obtained from five previously fixed leaves in FAA were washed in distilled water three 1 4 9 times, 1h each, and dehydrated with an increasing gradient of aqueous ethanol concentrations 1 5 0 (10%, 30%, 50%, 70%, 100% (x3)). They were then soaked in the infiltration solution of Five more leaves were weighed (Wt 0 ) before being submerged in distilled water with the petiole 1 6 9 sealed -but not submerged-for 15min (wet cycle). To eliminate the surface water, these leaves 1 7 0 were centrifuged at 1800rpm for 2min using a Sorvall RC6 Ultracentrifuge, and immediately 1 7 1 weighed afterwards with a precision scale (Wt 1 ). Leaves were left to dry at room temperature for 1 7 2 15min (dry cycle), and weighed again before immersion (Wt 2 ). The cycles were repeated five 1 7 3 times in a row. Based on these data, and assuming that cuticle evapotranspiration is 0 when 1 7 4 leaves are submerged, we first calculated the net water absorbed after the wet cycle as to: where ABSt 1 is the net water absorbed at time t (wet cycle, uneven numbers), and L A is leaf area 1 7 7 in cm 2 . 1 7 8
After that, and considering similar cuticle transpiration in both leaf sides, the expected cuticle 1 7 9 evapotranspiration (C EVT ) for the dry cycle was calculated as to:
2) C EVT = [(-0.0012 * t )*2]+ Wt 0 , where t is time in hours. where ABSt * is the calculated water absorbed after the dry cycles (at even numbers), and W t* the 1 8 3 weight of the leaves after the dry cycles. We then evaluated the observed water balances for each 1 8 4 alternate period as to: 1 8 5
4)
∆ ABS = (ABS t + ABS t-1 ) for each alternate period. The calculated water lost during the dry cycles corresponded with the observed values, 1 8 7 suggesting that weight loss due to cuticle conductance was so low that it did not offset the water 1 8 8 absorbed by leaves. Thus, we then plotted the net water absorbed only during the wet cycles, and 1 8 9 adjusted it to a linear regression function (r 2 =0.96; slope = 0.073) ( Fig. 5B ), revealing a linear 1 9 0 water uptake when leaves are submerged. The question remained on whether each leaf side contributed equally to water uptake. To 1 9 2 understand it, five leaves were loaded with 350uL of distilled water evenly distributed in 35 1 9 3 droplets (10uL each) on the adaxial surface, and in five more leaves loaded on the abaxial surface. When the droplets disappeared from the sufaces, the leaves were weighted with a 1 9 5 precision scale, loaded again with the same amount of water, and this cycle repeated for a total 1 9 6 period of 9 hours. While the atmospheric humidity was around 30%, it is worth noting that we 1 9 7 1 0 replicated the experiment at high humidity (70%) within a chamber, but the water droplet 1 9 8 disappearance from the leaf surfaces was so slow that made the experiment impracticable in a 1 9 9 continuous fashion. However, it suggested that cuticle conductance is much lower at natural 2 0 0 conditions, which display atmospheric humidities ranging from 50-70% (Díaz and Granadillo, 2 0 1 2005). We then calculated the water gains as described below for the dry cycles, but assuming To understand the pathways of water uptake, we used a 1% aqueous solution of the apoplastic were applied in either the adaxial or the abaxial surfaces within a humidified chamber, and 2 0 8 waited until they disappeared from the surface. A paper tissue was then used to wipe the traces of 2 0 9 the dye from the leaf surface prior to obtaining transverse sections with a double edge razor 2 1 0 blade. Sections were mounted in an aqueous solution of 70% glycerol, and immediately observed 2 1 1 with a Zeiss LSM700 Confocal Microscope (wavelength 488nm). Similar sections of the same 2 1 2 leaves, but in areas without the dye were used as negative controls. A preliminary test with the general dye Ruthenium red was used in freshly dissected leaves to 2 1 5 evaluate the presence of neutral pectins (Colombo and Rascio, 1977) . Similarly, a preliminary 2 1 6 test for arabinogalactan protein (AGP) presence was applied to cleared leaves with a 2% solution 2 1 7 of the chemical reagent beta glucosyl Yariv reagent in 0.15M NaC1 (Yariv, 1967) . The β -GlcYR 2 1 8 reacts with arabinogalactan proteins giving a red color upon precipitation. To detect the presence of pectic and AGP epitopes in the leaves of Capparis odoratissima, two 2 2 0 monoclonal antibodies that detect highly sterified pectins (JIM5), and AGPs (JIM8) 2 2 1 (Carbosource services, Georgia, USA), were used. 4µm cross and paradermal sections of 2 2 2 embedded leaves were incubated with 1XPBS thrice for five minutes each, then in 5% bovine 2 2 3 albumin serum (BSA), then in 1XPBS five minutes, and with the undiluted primary monoclonal 2 2 4 antibody for 45 min. They were washed three times in 1XPBS, and finally incubated again with Isiothianate. Three final washes with 1XPBS preceded observations with a confocal microscope 2 2 7 (see details below). Negative controls were treated in the same way, but substituting the primary Detailed evaluations of the oblong, astomatous leaves of C. odoratissima showed a dark green 2 3 2 color in the adaxial surface ( Fig. 1A) . Numerous translucent spots were located in concave areas interspersed between the epidermal cells and, after staining and clearing the tissue, displayed a 2 3 5 star-like shape when observed from above (Fig. C) . At higher magnification, each idioblast 2 3 6 projected a narrow pore toward the adaxial surface of the leaf (Fig. 1D ). Abaxially, the leaves 2 3 7 showed a pale green color ( Fig. 1E ), which resulted from the total coverage of the lamina by an 2 3 8 imbricated carpet of peltate hairs (Fig. 1F ). These non-glandular hairs had variable size, but a Intrinsic leaf anatomy of Capparis odoratissima: cuticles, peltate hairs and idioblasts.
Immunolocalization of pectin and arabinogalactan glycoprotein epitopes

4 3
Cross-sections of the leaves revealed that the idioblasts are thick-walled columnar structures that 2 4 4 connect the adaxial and the abaxial surfaces of the leaves ( Fig. 2A , drawn by Metcalfe and 2 4 5 Chalk, 1950). Idioblasts did not stain for lipids, but the auramine O staining revealed a thick 2 4 6 cuticle layer in the adaxial surfaces of the leaves (Fig. 2B) , which was thinner in the concave 2 4 7 cavities on top of the idioblasts. In contrast, the thick columnar walls of the idioblasts stained 2 4 8 intensely for cellulose with calcofluor white (Fig. 2C) , which further delivered partial 2 4 9 lignification upon phluoroglucinol staining. The abaxial surface of the leaf showed a more 2 5 0 compact rugose cuticle under the peltate hairs ( Fig. 2D ). At the anchoring areas of the peltate 2 5 1 hairs, the abaxial epidermis invaginated and contained a hyper accumulation of cutin ( Fig. 2E ).
2 5 2
Idioblasts exposed a sophisticated structure with a clear bipolar pattern from the adaxial to the 2 5 3 abaxial side of the leaf (Fig. 3A) . A thin projection that protruded apoplastically between cells of 2 5 4 the upper epidermis connected with the surface, and was sustained underneath with four to five 2 5 5 filiform anchors attached to the base of the epidermal cells ( Fig. 3B ). In the area of the palisade 2 5 6 parenchyma, the idioblasts had a columnar shape, with a very thick wall, a narrow lumen, and 2 5 7 crenations that connected the lumen with the palisade parenchyma ( Fig. 3C ). In the spongy 2 5 8 mesophyll, the irregular shape of idioblasts was characterized by numerous protuberances and 2 5 9 spongy mesophyll (Fig. 7C) , and the external cell walls of the peltate hairs ( Fig. 7D ), but not in 3 0 0 the idioblasts. On the other hand, the presence of arabinogalactan proteins was roughly detected with the beta 3 0 2 glucosyl Yariv Reagent, which showed an intense red color at the areas of the leaves with 3 0 3 idioblasts. More specifically, the epitopes recognized by the JIM8 monoclonal antibody, labelled 3 0 4 a narrow area that corresponded with the lumen of the idioblasts, from their adaxial projection 3 0 5 ( Fig. 7E ), through the columnar lumen in the palisade parenchyma ( Fig. 7F) , to the lumens of the 3 0 6 anchoring areas of the peltate hairs ( Fig. 7G ). As a result, AGPs coated the continuum of lumens 3 0 7 between the peltate hairs and idioblasts. Previous studies of C. odoratissima showed that, unlike other species coexisting in the same 3 1 1 environment, C. odoratissima increased its biomass with the only source of water being from the 3 1 2 atmosphere (Díaz and Granadillo, 2005) . However, the magnitude of water uptake by individual 3 1 3 leaves is missing so far. Our detailed evaluations of water evaporation through time (i.e. cuticle Kerstiens, 1996). For example, Fagus sylvatica leaves showed a more continuous dehydration 3 2 0 that responded to water pressure deficit (Gardinen and Grace, 1992) . The dehydration rate of C. zero cuticular conductance, we exposed the leaves to a water-saturated environment, revealing a 3 2 5 linear uptake of water without cuticle evapotranspiration, gaining up to 40% of the initial water 3 2 6 content of the leaves. Leaf water absorption has been widely studied in the major groups of 3 2 7 angiosperms, including magnoliids (8 genera), monocots (7 genera), and eudicots (67 genera) where C. odoratissima grows, where the water in the soil is a limiting resource, and aerial water The major barriers for water absorption and/or evaporation are the leaf coatings, such as cuticles. temperature regulation (Shields, 1950; Fahn, 1986) . Our experiments with water droplets in each leaf surface revealed an asymmetry regarding the been reported in some angiosperm species (Gramatikopoulos and Manetas, 1994; Bickford, 3 5 7 2016; Eller et al., 2016; Pina et al., 2016; Vitarelli et al., 2016) , being most outstanding in 3 5 8 epiphytic bromeliads (Benzing and Burt, 1970; Benzing, 1976; Benzing et al., 1978; Benz and 3 5 9 Martin, 2006; Ohrui et al., 2007) . However, the presence of peltate hairs is not indicative of Olea europaea, showed no evidence of FWU (Arzeee, 1953) . The ability to uptake water by 3 6 2 peltate hairs is offset by cuticle evapotranspiration of the adaxial surface (not loaded with water 3 6 3 droplets). Thus, a tradeoff between cuticle transpiration and water entrance from the atmosphere 3 6 4 appears to be rather positive when water is condensed on the adaxial surface. Oddly, our hydathodes (Martin and von Willert, 2000) . We hereby expose unique micropores projecting idioblasts, pointing to these structures as significant players in the water budgets of the leaves. In johnsoni (Alvin, 1987) . Idioblasts have rarely been demonstrated as vectors of foliar water 3 7 8 uptake in angiosperms, with some exceptions such as Hakea suaveolens (Heide-Jorgensen, 3 7 9 1 8 1990). However, their topology in the numerous forest species where they have been described -3 8 0 including gymnosperms (Hooker, 1864; Sterling, 1947) , and more than eighty eudicot families 3 8 1 (Solereder, 1908; Foster, 1955a,b; Rao and Mody, 1961; Zhang et al., 2009 ; Vitarelli et al., Mediterranean Capparis spinosa (Rhizopoulou, 1990; Rhizopoulou and Psaras, 2003 ; Gan et al., The biochemistry of foliar water uptake in Capparis odoratissima
The pathway of atmospheric water entry in the leaves of C. odoratissima involves hygroscopic 3 9 2 materials deposited in the leaf coatings (Gouvra and Gamatipoulus, 2003) . In the current work, 3 9 3 we first describe the thick walled structures composing the multicellular peltate hairs, which 3 9 4 project pectins to the external part, suggesting their involvement in the initial water capture when or the tropical species Drymis brasiliensis (Eller et al., 2013) . In addition, we revealed that the sterified pectins in their cell walls. This is in line with the ubiquity of pectins within the leaf 4 0 0 mesophyll, typically acting as a pulling force for water uptake from the soil. In the leaves of C. odoratissima, their tight association with the numerous idioblasts is likely acting as a pulling 4 0 2 force for water deposited on the leaf surfaces, using idioblasts as carriers. The idioblasts of C. odoratissima are highly hygroscopic, with cellulosic walls that contain polar 4 0 4 molecules for water attachment, but also partially lignified, suggesting a secondary role on 4 0 5 defense and structural support. A finely tuned water uptake in C. odoratissima is revealed by our within the idioblasts that connect all leaf tissues and the exterior. Most strikingly is the fact that 4 0 9 epitopes belonging to arabinogalacatan proteins are specifically located within these channels. Remarkably, works evaluating the compositon of the cell walls in the resurrection plant 4 1 7
Craterostigma wilmsii, which completely losses water, regaining it thereafter, pointed to the tissues during periods where water deficits in the soil combines with water saturation in the 4 2 5 atmosphere (Fig. 8) . Thus, AGPs may be secluded in the lumen of the idioblasts during 4 2 6 development, serving as bridges of water uptake between the atmosphere and the leaf tissues. Our data strongly suggest that the pathway for water uptake in Capparis odoratissima is trees to make use of atmospheric water resources. Limm, E. B., Simonin, K. A., Bothman, A. G., Dawson, T. E. (2009) . Foliar water uptake: a 5 7 7 common water acquisition strategy for plants of the redwood forest. Oecologia, 161(3), 449-459.
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